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CNS        central nervous system                          中枢神经系统 
BMSCs      bone marrow mesenchymal stem cells          骨髓间充质干细胞 
MSCs       mesenchymal stem cells                         间充质干细胞 
MCAO      middle cerebral artery occlusion                 大脑中动脉阻塞 
tMCAO     transient middle cerebral artery occlusion    短暂性大脑中动脉阻塞 
pMCAO     permanent middle cerebral artery occlusion  永久性大脑中动脉阻塞 
mNSS       modified Neurological Severity Score      改良神经功能缺失评分 
GFAP       glial fibrillary acidic protein              神经胶质纤维酸性蛋白 
AS          astrocyte                                     星形胶质细胞 
VEGF       vascular endothelial growth factor             血管内皮生长因子 
CCA        common carotid artery                              颈总动脉 
ECA        external carotid artery                               颈外动脉 
ICA         internal carotid artery                               颈内动脉 
MCA        middle cerebral artery                            大脑中动脉 
ACA        anterior cerebral artery                            大脑前动脉 
TTC        2,3,5-triphenyl tetrazolium chloride    2，3，5-三苯基氯化四氮唑 
SVZ        sub-ventricular zone                              侧脑室下区 
BBB        blood-brain barrier                                  血脑屏障 
FBS         fetal bovine serum                                 胎牛血清 
PBS         phosphate buffer solution                        磷酸盐缓冲液 
DAPI       4’, 6-diamidino-2-phenylindole              4’, 6 二脒基-2-苯吲哚 
BNDF       brain-derived neurotrophic factor            脑源性神经营养因子 
GDNF       glial-derived neurotrophic factor          胶质源性神经营养因子 
MMPs       matrix metalloproteinase                      基质金属蛋白酶 
bFGF        basic fibroblast growth factor          碱性成纤维细胞生长因子 
BrdU        5-bromodeoxyuridine                     5-溴脱氧尿嘧啶核苷 


























DAPI 标记 BMSCs。线栓法制备大脑中动脉阻塞（middle cerebral artery occlusion, 
MCAO）模型。MCAO 术后立即实施亚低温治疗，持续 3 小时。MCAO 术后 24
小时侧脑室移植。在 MCAO 造模前、移植前、移植后 1d、5d 和 10d 行改良神经
功能缺损评分（modified Neurological Severity Score，mNSS）。断头取脑，冠状
位脑切片行 TTC 染色，计算梗死面积百分比。免疫荧光染色检测蛋白 GFAP（glial 
fibrillary acidic protein）和 VEGF (vascular endothelial growth factor) 的表达及变
化趋势。 
结果： 
大鼠 MCAO 术后，神经功能缺失明显，左侧肢体不同程度瘫痪。BMSCs 移
植联合亚低温治疗显著降低 mNSS 评分（P<0.01），减小梗死面积（P<0.01），改
善脑缺血大鼠预后，优于单方案治疗。免疫荧光染色显示，BMSCs 移植联合亚




































Background and Purpose 
Ischemia stroke is one of the main central nervous system (CNS) disease, which 
causes greatly high mortality rate and disability rate. Nevertheless, up till now, no 
proper and effective treatments have been figured out to promote the regeneration of 
nerve cells. Numerous studies have illustrated that BMSCs （ Bone Marrow 
Mesenchymal Stem Cells）transplantation could reduce infarction size and promote 
recovery of neurological function on rats with acute ischemia stroke. Mild 
hypothermia, where the brain temperature stays at 32–350C, also has been proved to 
bear the functions of lessening infarction size, promote angiogenesis, reduce cerebral 
edema and ameliorate neurological outcomes. Therefore, this study aims to fully 
examine the impacts and protective mechanisms of BMSCs transplantation combined 
with therapeutic mild hypothermia after cerebral ischemia injury on rats, and provide 
the theoretical basis for clinical application. 
Methods 
BMSCs were isolated using density gradient centrifugation method combined 
with adherent screening method, followed by purification, culture, identification and 
labeling with DAPI. The middle cerebral artery occlusion (MCAO) model was 
established by suture method, followed by the implementation of mild hypothermia 
treatment for 3 hours. 24 hours after MCAO, lateral ventricle transplantation was 
operated. All rats were examined at five respective time-points: before MCAO, before 
transplantation, at 1 day, 5 day and 10 day time-point after transplantation operation 
for tests on neurological function by means of mNSS (modified Neurological Severity 
Score). The percentage of infarction size was calculated by TTC staining. Using 
immunofluorescence staining to detect the expression and variation tendency of 















Growth Factor) under 400X microscope.   
Results 
After MCAO operation, the neurological deficits were obvious with the left limb 
paralysis in varying degrees. BMSCs transplantation combined with mild 
hypothermia treatment significantly decreased mNSS score (P <0.01) and reduced 
infarction size (P <0.01) better than single treatment. Immunofluorescence staining 
showed that the number of DAPI+GFAP+ and DAPI+VEGF+ double-labeled positive 
cells and the expression of GFAP and VEGF increased sharply in the combination 
therapy group，better than single treatment. 
Conclusions 
Two types of therapeutic mechanisms of cerebral protection have different 
emphases, but complementary, and the combination therapy can give full play to the 
advantages of two treatment programs to lessen the infarction size and improve 
neurological function further.  












































































































































既往研究表明，BMSCs 在体外培养可分泌 VEGF 和血管生成素-1（Ang-1）[18,19]。

















大脑中动脉(middle cerebral artery, MCA)是颈内动脉(internal carotid artery, 
ICA)在颅内段的直接延续，是 ICA 的所有分支中直径最粗大的一支，呈水平位











构建大鼠 MCAO 模型，术后立即实施亚低温治疗 3h，将 BMSCs 制成单细胞悬







































（1）二氧化碳培养箱：3111 型，Thermo 公司； 
（2）流式细胞仪：Accuri C6 型，BD 公司； 
（3）台式低速离心机：80-2 型，上海医疗器械（集团）有限公司； 
（4）细胞培养皿：Fisher Scientific（美国）公司； 
2 原代 BMSCs 的分离提取 
（1） 取数只约两周龄大小的 Sprague-Dawley(SD)大鼠颈椎脱臼处死后,立即用




















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
